This paper is dealing with the transmission properties of a structure consisting of N identical pairs of left-and right-handed media (LH-RH media). Maximum and minimum transmittance of the structure are demonstrated on the rule that, LH material has negative index of refraction while RH material has positive index of refraction. Minimum transmittance is obtained by using high ratio of refractive indices and different thicknesses of LH and RH media constituted each pair of the structure. The total thickness of each pair is quarter wavelength of the incident waves at the operation frequency. The frequency band of minimum transmittance is affected by the number of LH-RH media pairs. Maximum transmittance is formed by two slabs of the same thickness and opposite refractive indices, one is LH and the other is RH material. The slabs are situated between two similar media like vacuum. It is observed that the frequency and angle of incidence are much less dominant in these configurations than in their all-dielectric media. In addition the transmittance-frequency curves show no ripples and a monotonous quasi symmetric rise to the left and to the right of the central frequency. In the theory the electric and magnetic fields of the incident waves are calculated at each layer using Maxwell's equations. The boundary conditions are imposed at each interface and Snell's law is used to obtain the reflection and transmission coefficients in terms of Fresnel coefficients. The overall reflectance and transmittance
INTRODUCTION

Metamaterials (sometimes termed left-handed materials
(LH materials)) are materials whose permittivity ε and permeability μ are both negative and consequently have negative index of refraction. These materials are artificial and theoretically discussed first by Veselago [1] over 40 years ago. The first realization of such materials, consisting of split-ring resenators (SRRs) and continuous wires, was first introduced by Pendry [2, 3] .
Regular materials are materials whose ε and μ are both positive and termed right handed materials (RH materials). R. A. Shelby et al [4] have studied negative refraction in LH materials. Kong [5] has provided a general formulation for the electromagnetic wave interaction with stratified metamaterial structures. R. W. Ziolkowski et al [6] haves studied the wave propagation in media having negative permittivity and permeability. N. Enghheta et al [7] have shown some interesting applications of LH material. C. Sabah [8] has investigated the effects of loss factor on plane wave propagation through a left-handed material slab. H. Oraiz et al [9] have formulated a theory for zero reflection of electromagnetic waves from multilayered metamaterial structures. P. Pereyra et al [10] have studied the effect of complex and negative indices in the transmission of electromagnetic waves through superlattices. C. Sabah et al [11] have obtained theoretically high reflection coating with negative and positive refractive indices. H. Cory et al [12] have analyzed the reflection and transmission characteristics of a multilayered structure consisting of left-handed materials and dielectric slabs. This paper is dealing with the transmission properties of a structure consisting of N identical pairs of left-and right-handed media (LH-RH media). Maximum and minimum transmittance of the structure are demonstrated on the rule that, LH material has negative index of refraction while RH material has positive index of refraction. Minimum transmittance is obtained by using high ratio of refractive indices and different thicknesses of LH and RH media constituted each pair of the structure. The total thickness of each pair is quarter wavelength of the incident waves at the operation frequency. The frequency band of minimum transmittance is affected by the number of LH-RH media pairs. Maximum transmittance is formed by two slabs of the same thickness and opposite refractive indices, one is LH and the other is RH material. The slabs are situated between two similar media like vacuum. It is observed that the frequency and angle of incidence are much less dominant in these configurations than in their all-dielectric media. In addition the transmittance-frequency curves show no ripples and a monotonous quasi symmetric rise to the left and to the right of the central frequency. In the theory the electric and magnetic fields of the incident waves are calculated at each layer using Maxwell's equations. The boundary conditions are imposed at each interface and Snell's law is used to obtain the reflection and transmission coefficients in terms of Fresnel coefficients. The overall reflectance and transmittance 
Maximum and Minimum Transmittance of a Structure
NUMERICAL RESULTS AND DISCUSSION
In calculations, a perpendicular polarization of the incident waves is considered and the operating frequency is selected to be f o = 20 GHz. The thickness of each pair of the LH and RH slabs is quarter wavelength at the operatng frequency.
Maximum transmittance: to maximize the transmittance, a structure consisting of two slabs of the same thickness and opposite refractive indices, one is LH material and the other RH material are considered to be situated in vacuum. Figure 1 shows the transmittance of the described structure as a function of frequency for three angles of incidence ( = 0 , = 20 , = 40 ). The LH and RH slabs are of the same thickness ( /8) and opposite refractive indices, that of RH material is selected to be 1.434 (fluorine) and that of LH material is -1.434. As seen from the figure, when the conditions of maximum transmittance are satisfied, the transmittance is always equal to unity for any frequency and for any angle of incidence. Minimum transmittance: In order to illustrate the effect of LH material on the minimization of the transmittance, the conditions of minimum transmittance are first applied on a structure of all dielectric pairs. Figure 2 points out the reflectance and transmittance as a function of frequency for all dielectric-pairs structure for three angles of incidence ( = 0 , = 20 , = 40 ). The structure has ten identical pairs of dielectrics situated in air. The refractive indices of each pair of dielectrics are selected to be 3.5 (gallium phosphide) and 1.434 (fluorite), this satisfies the second condition. The thickness of the higher refractive index slab is .00107 m and that of the lower one is .00262 m. These values are chosen such that, the first condition of minimum transmittance is satisfied and the total length of each pair of slabs is /4 at the operating frequency. As observed from the figure, the transmittance becomes zero at and around the central frequency. The symmetry shifts in frequency to the right side when the incident angle increased. Also there is more ripples in the frequency behavior to the left and to the right of zero transmittance. Reflectance and transmittance for all dielectric structure as a function of frequency for various angles of incidence. Figure 3 presents the reflectance and transmittance versus frequency at the incidence angle of 20 for three numbers of identical LH-RH pairs structure embedded in air (N = 4, N = 7, N = 10) (where N is the number of LH-RH pairs constituted the structure). The refractive index and thickness are -1.434, .00262 m for the LH material and 3.5, .00107 m for the RH material. The total length of each LH-RH pair is /4 at the operation frequency, the two conditions for minimum transmittance are satisfied by these values. From the figure it is seen that, the frequency band of zero transmittance is larger as compared to all dielectric structures. The mentioned band is reduced by decreasing the value of N. In addition the LH-RH-pairs structure show no ripples and a monotonous quasi symmetric arises to the left and to the right of the central frequency. 
CONCLUSIONS
Regarding with the transmittance, the behavior of LH-RH materials is different from RH-RH materials. Maximum transmittance has been formed by placing one pair of LH and RH slabs in air. The slabs have the same width and opposite refractive indices. Minimum transmittance has been demonstrated by placing a number of identical LH-RH pairs of slabs in air. The slabs of each pair have high and low opposite refractive indices and different thicknesses. It has been found that for LH-RH structures the frequency band of zero transmittance is larger as compared to all dielectric structure and the mentioned band is reduced by decreasing the number of LH-RH pairs. Furthermore, these structures display no ripples but a monotonous quasi symmetric in the transmittance to the left and to the right of operation frequency is observed. The discussed problem gives rise to possibilities of tuning the propagation for applications in antenna e, microwave, millmeter wave and optical devices
